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INTRODUCTION 

EARLINESS is an important factor to both home and lUM'kct 
•larcleners in tlie production of such crops hs toinatoesj peppers, 
eggplant, lettuce, and otiier v«£Ot«l>les t-hat can be readily truus- 
planted. Vnrious forms of pTaiit-giowiiifi structures, including 
greenhouses, sash houses, hotbeds, plant pit'^, and coldframcs, arc be- 
ing used by {gardeners for startiiiji: cnrlv plants, the type of structure 
or frame used depending largely on climatic and other local condi- 
tions. In the past, when an abundance of horse manure was avail- 
able, tile manure-heated hotbed was used almost exclusively, but 
with the present shortage of horse manure, ffrowere have turned 
very largely to fuel-hoated beds for starting eany plants. The tend- 
ency is also toward using greenhouses more generally for starting 
early plants, hut continuing the employment of coldframes for teni- 
[lering the plants to outdoor conditions before setting them in the 
open. 

In determining tJie tyjic of house or bed to use for starting early 
plants, the grower mu.st first consider tlie temperature a-nd otlier 
climatic conditions under which he is working. His object is to pro- 
duce good, stocky, well-built plants that willstand transplanting to 
the open without serious checking of tiicir growth. Under certain 
dimatic conditions this may require the use of a heated greenhouse. 
Under other conditions thus end can be best attained bv tne employ- 
ment of manure- or fuel-heated hotbeds, while in still other cases, 
where only slight protection is required, a cloth- or sash-corerod 
coldframe may be sufficient. In this bulletin the various types of 
plant-growing beds arc discussed, together with suggestions as to 
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their management and the proper treatment of the various kinds of 
plants that are commonly grom\ lUider pi-otection duriitg the early 
spring or the late fall. 

IToibeds and coldframes are frequently used in regions vrith a mild 
climate, for growinf^ to a marketable stage certain vegetables such as 
cucumbers, beets, radishes, carrots, parsley, lettuce, and occasionally 
muskmelons. In some cases sash-covered frames are employed for 
the early crop, and after it is well started and the danger of injurious 
temperatures is past, tho frames are removed and the crop matured 
ill the open. This is known m frame culture. It is u.sed most ex- 
tensively by growers along the Atlantic seaboard where the natural 
heat of the sun during the early spring and late fall is sufficient to 
maintain a growing temperature. Where this system is used for 
growing late-fall crops the plants are started in open beds; then as 
the weather becomos cool the frames a,re placed in position and the 
sash or clotli coTet-ing put on. Tho reverse pl»n is foHowed in the 
spring. 

Where hotbeds or coldframes are constructed of brick or poured 
concrete, the walls are usually made 4 inches thick and are carried 
20 to 24 inches above normal ground level at the back and 10 to 12 
inches above it at the front. The usual width of these beds having 
such walls is 6 feet from center to center of the walls, or approxi- 
mately 5 feet 8 inches inside monsnreiment. By m;aking the tops 
of the walls conform to the slope of the Ix-d, the sash will have 2 
inches of a firm supporting surface on top of each wall. Where 
crosspie<;o8 are provided, upon which to slide tho sash, they are 
embedded in tho concrete or brickwork and are flush with tho top 
of tho walls. If desirable, a wooden housing for tho upper end of 
the sash may be provided and embedded into th© wall or fastened 
with bolts let into the wall. 

Concrete and cinder blocks are being used quite extensively for the 
ronsttaiction of tho walls of hotbeds, coldframes, and small plant 
houses, on account of tho ease with which thev can be laid. In some 
localities concrete blocks 4 inches thick can Ibe obtained, and walls 
constructed of these occupy less sptico than those made of tho 6- or 
8-inch blocks. Wliero concrete blocks are used for the front and 
back walls of the beds, it is necessary to put up forms and pour 
the top of tho ends in order to obtain tho correct slope. The 8- hy 
8- by 16-inch concrete and cinder blocks are especially adapted for 
constructing the walls of double bods with a ridge through the 
center and covered by means of two lines of hotbed sash or cloth. 
The top layer of blocks should be crowned with a. layer of cement 
mortar about an inch in thickness to prevent water from entering 
the cavities of the blocks. Cinder blocks are better insulators against 
the pa.ss!i^6 of heat than concrete and, in addition, have the ad- 
vantage tnat nails can be driven into them where wood is being 
fastened to the block walls. 

Double plant beds 12 to 15 feet in width with concrete- or cinder- 
block walls are coming into more general use for plant growing, 
on account of low cost of construction. Whore flue or hot-water 
heating is employed the side walls need be only about 16 inches, or 
two layere of blocks in height, above the ground level. ^Vhere sash 
are used as a covering, a plank is supported on posts through the 
center of tho bed, a-nd the double row of siwfe rwrt on this piank 
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gt the center and on tlie walls of t4ie bed at the sides. The slope 
„iven tlio sash is usually froiin 12 to 18 inches for the full length 
of the 6- foot sash. If muslin or light canvas is used as a covering 
the slope is increased to about 2 feet and side raftei-s or strips are 
provided on which the c*nTftg rests. 

LOCATION OF HOTBEDS AND COLDFRAMES 

Hotbeds and coldf rames should always be located on vrell-drained 
land that is free from depressions or danger of Hooding during 
hea\7 rains. A location near the house where the beds can be 
given frequent attention is desiriible. The bods should be pro- 
tected on the north by a group of buildings, a grove of trees, a 
tight board fence, or an evergreen hedge. In many cases wind- 
breaks, consisting of pine boughs or bundles of corn fodder set 
against sujjports, nvc ©mploved for protecting the beds from cold 
winds. The growers around Norfolk and Portsmouth, Va., divide 
their frame yards into 1-acre sections by means of arbon-itac and 
California privet hedges that attain a height of 12 to 20 feet, and 
very efTectively break the force of the wind. (See cover illustra- 
tion.) A location with a southern exposure and adequate wind 
protection on the north and west is ideal. In all cases, protection 
from cold wiiuls, the securing of direct sunlight, and convenience in 
the matter of tending should be the main determining fiwt-ors in the 
selection of a location for any type of plant bod. 

Plant beds and small grceniumses onilt well bolow the level of 
the ground require le.ss heat than those that arc entirely above 
ground and move exposed. This principle applies especially to the 
construction of sash-covered houses that arc lieated by flues, stoves, 
or electricity. Special care must be taken, however, in the selection 
of a location for bods and houses that are partially below ground, 
to provide good drainage in order to avoid flooding the beds during 
rainy seasons. 

Plants grown in hotbeds and coldframes reqiiire rather frequent 
watering and, if possible, t-he beds should be located where water 
can be piped to them. In some cases a well is dug or drilled near 
the beds and a pump installed to supply the wat-er. "VNTiere t-he beds 
are of a very temi>orary nature, water is sometimes hauled in barrels 
or tank wagons and applied to the. plants by means of sprinkling 
cans. In any case an adequate supply of water for watering the 
plants must be provided. In the east-Texas tomato fields several 
Darrels of water arc hauled iwid placed alongside each bed at the 
beginning of the plant-growing season. In other instances water 
is hauled in tank wagons or in the tanks of orchard sprayers and is 
applied to the plant beds through a hose having a rose or spnnkler 
on its end. The most convenient method of watering the plant beds, 
however, is by means of water under proeeure piped direct to the 
beds, 

MANURE HOTBEDS 

^Tiere manure is plentiful, temporary hotbeds may be provided 
by simply placing a flat pile of manure 8 or 9 feet in width, 12 to 
U inches in depth, and of any <lesired length, on top of the ground 
in a wfrll-drained locaticm, a«d setting franies of boards on lop ot 
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it to contain the soil and support the eovcrinj^ of sash or clotli 
Additional luaniire is then banked around the outside of the fram 
to retain heat, 

The frames usunlly consist of 1-inch boards, pi'eferably cvnrp 
redwood, or white pine, 12 inches wide, 1 board bein" used f ' 
the front or south side and 2 boards, 1 above the other for Ih 
back or north side. These boards are nulled to stakes driven through 
the bod of nninurc and into tlic gi-oinid, the lines of boards bein<^ 
r> feet 8 inches apart so that the space between theui can be covoreS 
with standard 3- by G-foot liotbod sasli that rest on the edges on thp 
boards that form the siiles of the bed. Sectional or portable frames 
with sloping ends to carry 4 or 5 standard sash are ofton constructed 
ftud where a long bed is mpni-ed the sections nr« placed end to 
end, making a continuous bed. 

The preparation and luuulling of the manure used in makiinr a 
temporary hotbed of this character are pinctically the same as those 
described herein for more perinaiieiit beds. 

About i") inches of good soil (oi- yand if swcetpotato plants are to 
be grown) should bo sprend on top of the nuinnre in the frames be- 
fore the sash is put on. This method of constructing inauure-heated 
beds avoids the necessity of digging a j)it but i-cquires about twice 
the amount of nnuinrc. However, this material is usually in good 
condition for top-dressing liuid (ir for use in making plant-bed 
soil at the dose of the plant-growing season, 

A nioiv permanent meth<Hl of constructing a ninnure-hoated hot- 
l)od, one which will reouire the n.so of a relatively small nuiouut of 
manure, is to dig n pit Ci^ or 7 fe<'t in width, f roni 14: to 30 inches in 
depth according to the severity of the climate, and of any desired 
length, the length usually being determined by the nuud)er of stand- 
ard 3- by G-foot sash that are to he used as ii covering. The pit 
should be laid off with a line attached to stakes, as shown in figure 1, 
and then dug to the desired depth. It should then be lined with 
planks, as shown in figure 2, or with more permanent walls of brick, 
cement blocks, poured concrete, or some other material. The walls 
may extend aboveground to the desii-ed height, and the sash rest 
directly upon them; or a framework of boards, 20 to 24 inches high 
at the back or north side and 10 to 12 iuciies high at the front or 
,9outh side, may rest upon walls that come oidy to the ground level. 
If pennanence is desired, the beds should be constructed entirely of 
the more durable materials with only such wood materials as are 
necessary to properly fit the sash tightly to the walls. In some cases 
crosspieces are provided upon which the sash rest, and this is a 
decided advantage for drawing down the sash for ventilation. An 
additional advantage is gained by having .separation or guide stops 
bet\TCen each s.ash so that there wdl be no danger of ili« SHsh slipping 
off the supporting members. The ends of the bed ar* cut on a slo\y^ 
to conform to the pitch or slope of the sash. 

Manure foraise in hotbeds should consist of a good grade of straw- 
bedded horse or mule manure; this should be hauled direct from the 
stuble and should not be allowed to remain in piles where it will 
ferment and lose its heating qualities. The method of preparing and 
placing the manure in the pit of tlic liotbod is also of considerable 
unportance. As it is btukd from the stable it should be placed 
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Tmm 2.— fit hotlwil with pit UuK ami friimi-»ork of licmrd* In pluce ready for mniiure 
to bv (orkpd lulu the b<il. 
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in broad, flat piles alongside tiic hotbod, to remain 2 or 3 davs 
It hegms to hmt; it should tlieu be tiirnod or forked over so'nl t 
secure uniform composition and heatin^r- In case the manure L 
tnfle dry and shows a tcndenoy to firefang or burn, a little wn! 
should bo added as it is boin- turned. After 4 or 5 days, or as S 
as the manure has begun to heat uniformly, it should be forked i2 
the hotbed, eare bemg taken to shake out all lumps and to surpn^ 
the manure evenly in the bed. Figure 3 illustrates the proper meS 
of tmmpling the manure as each layer is added. In ease tho mun,,^ 
IS dry at the time it is being forked into tho hotbed, a little \s-iZl 
Should flg'ain be acMod, but too muc-h water may delay the heatinl 
The depth of the manure in the liotbcd will depend on tho ouiJt 
temperatures. Tn localities M-liere the temperature does not «o below 




Fwe»t a.— TtaapUns nianure In pit ol hotbed. 



12 1<. diinng tho phmt-grou-ing poi-iod, a luver of luauure 12 to 15 
inehes thick aviII bo sufficient, provided the bed is well banked on 
the outside and some foini of covering is used over tho sash durin" 
periods of low temperature. The depth of the layer should be 
increased 1 inch for each degree of lowered temperature, about 24 
to inches of manure beijig used under ronditiou.s of 0° tempera- 
ture. l<oHowing the phicing of the manure in th.' bed, about 5 or 
6 inches of screened garden, h>am .should be sprwid evenly over the 
manure, and the .sash put on to retain the heat. If swectpotato plants 
are to be grown m the bed, clean sand should be u.sed instead of the 
garden loam. 

Figure 4 shows a small hotJjcd completed and the sash in place. 
*k t'l*' cattle h«ve stripped 

the blades and husks from tkmn hmre been found to be a good sub- 
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stitute for manure as a SMurce of ho*fc for hotbeds. The cornstalks 
are run through a silage eutter, then moistened and packed in the 
pit of the hotbed in exactly the same manner as manure. In the 
hotbed they go through a heating or fermentation process resembling 
that which takes place in a silo, and this results in the formation of 
^ugh hent to keep the plant bed warm over a period of 1 to 2 
months. The labor involved in gathering the cornstalks from the 
feed lot and cutting them is largely offset by their disposal and 
conversion into readily available compost by the end of the plant- 
oToning season. _ Wliere large quantities of coriistjillcs are to bo used 
for hotbed heating the cutter should be placed alongside the beds 
md tho chomm] nmteriii} blown diivetlv into tiw Ms. Wfierc the 




fuivttm 4. — Tile eumpl»t»d pit botbed with Msb in place. 



quantity of ninnurc for hotbed heatin^ is limited, its volume and 
effectiveness can be increased by the addition of chopped or shredded 
corn fodder. 

When a nuitutrc-heated bed is first made it is likely to heat very 
rapidly; tlie t/'mperatnre ni«v rnn into the 9)0% or even above 
100" F. This is too much heat, and the sowing of tho seed should 
be delayed until the temi>erature falls to about 85° or lower. It 
is not safe to judge the temperature of the soil by feeling it. A 
thermometer should be used, its bulb buried in the soil to about the 
depth to which the seeds are planted. If at least 5 inches of sifted 
sod is placed over the manure in the bed, this soil will have a 
tondmcy to take up the heat given off by the manure, but it may be 

99577 '—86 S 
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Jiccossary to control tlA« temperature by voiitil»tioii. Later fi 
cmperat.ue of tJw; mHauire in the bed declines, it nuvv be mco J ' 
to bank more manure aroiuul the outside of the bod \o inninfn-^ 
proper tom,)oratnro. Tf vxtrn nvwmv is r>ot nvaih ble ,t V 

of the bed should bo soo.nrly banked with earth, nnS *y 
pine needles, or some other -rood insulatino- material. ' 



FUEL-HEATED BEDS 



Fuel-heated hoxh of various typos are now laiwlv ronh.rin 
m%mn^.WnM bods, es,x>ci«lly in sections where fnel is^ rea on 
cheap nnd where the u.auure s«pj.\y is limited. Tho mo,t eomS 
type of fuel-heated be. consists of a wood-burning fnrnaee S 
one or more brieic or tde smoke flues nmnin;; miderneath "t flnS 
upon whu-h the sod is plaeod. Fonuerly, theWl nS i,, heatii 
those beds consisted inaiidy of stimips and roii.rh wood obtS 
when the land was cleared, but recently a tvpe of f urrce u L^t'l 
o bnrnin^,^ coke and hard coal is sometimes used. Tl ^i r Sent trS 
however, ,s to^yn^d tho pipe-heatol bed in which hot\v«ter i/em' 
pUm.{ «s thp mnhmn 01 ^nt trnn,nn,,)on. more s,t<>nm can bo 
siipphed at ft constant but low pressure from a hir-c „r cnitri Lp. 
hml.r, us, ^c.. ox.un,,lo, from n factory boiler, it may l)o used fo 
ln^«tlll^ h..tkHls d»rmp: the phmt.-(rmwintr reason, but steam heat 
IS H little too intense and not so easy to control ns hot-water heat 
^\ here steam ,s beinj; used oi, a fairfy lar-jrc scale for heating pl«nt 
hods the adoption of the vapor system will Inrgolv overcome the 
objection c, s earn. Steam heat does not ,..qniro snch large ph) n. 
as hot-water heat, and s.id. en ehanges in temperatiu-e can be mel 
to better advantage then with hot-water bout. 



PLUE-HBATEO BEDS 



riie triick growers of New Jersey and of the Eastern Shore, in- 
(■liiding Delaware and parts of .Maryland and Virginia, use flue- 
heated Ms very largely for starting earlv phmtsr espeeiallv to- 
matoes, peppers, and sweotpotaKH-s. These beds mav bo locato'd on 
level groniul, but oftener a loeaticm having a slight Vise is selected 
A pit ftbout 18 indues deep, S to 12 feet wide, aiul 50 to GO feet lon<^ 
IS excavated, and the sides and ends are provided with phink. brick,, 
or oonorete walls extending 8 inches to a foot above the natural 
level of the sml. Frequently the pit is simply linofl with boards 
nailed to stakes driven into the ground. In that case the boards 
extend about 12 inches aboveground to form the sides of the bod. 
A brick or stone furnace is built in a pit at tho lower end of the bed, 
but outside tho bed proper. A flue eonsisting of fi-inoh or 8-inch 
round ti 0 IS eonnected with the fnrnaoe. Usually this flue is earried 
the full length of tho bed and fitted with an elbow, and .3 or 4 joints 
of pipe are placed upright to form a chimney. In some oases two 
Hues connected with tho furnace are carried about half the length of 
the bed, and the smoke is diseharged into the spaee under the floor 
ot the bod, from which it eventually finds its way to a chiuinev at the 
end of tho bod. The floor eonsists of planks laid on cross timbers 
which rest on the walls or on stone pillars nt the sides. 
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The covcrinp; for thcso beds soniotiincs consists of marsh haj', but 
often it consists of heavy iiiii.slin or light canvas sewed together in a 
]ji(re sheet of siifllcient size to covcv the •whole bed. A ridgepole 
is placed the full length through the center of the bed, and is sup- 
ported on npvights about feet nbove the floor of the bed. Rafters 
or 1- by 3-inch or 1- by 4-inch strips are tlien fastened to the ridge 
and the sides of tho bed every or 4 feot to support the cover. At 
the sides of the bed the cover is fastened to long wooden strips 
on which it can be rolled up for ventilation or for watering. A bed 
of this tyjMi with vnwsh h»y a cotpviug for the pUnts is shown in 
figure _ 

In some looaHties x\ow vailvontl tioR thnt have bocn vejoct<Kl by the 
inspectors on iicconnt of some defect are used as supporting tiiiibcrs 




FloiHE ."i— A flut'-liitaleil plniit b<il havlii): twci lliif* or Hnioki- duets ruiinliiK the full 
iMigth uoJiT file floor of the bwl. Marsli liay la ua«l as a eovwrlng for tUu \wil. 



for tlie lloors of flue-heuted Ijeds;. In thnt case the bods are made 
81/2 feet wide to conform to the Icngtli of tlie crosstics. After the 
pit is (hig, stone or brick pilhirs are built at intervals of 4 feet along 
the sides, and the croissties are laid with their ends resting on these 
itone or brick })illHre. A floor of '2-inch planks is then laid upon the 
crofflties; jilanks are jilaccd on edge and are fastened to stakes 
to form the sides. In some cases brick or stone walls are used for 
the sides, and old boiler tubes or jnnk-yard pipe is let into the walls 
to form the cross supports. Old roofing tin, parts of old auto- 
mobile bodies, or any discarded sheet metal may be used as flooring 
for these beds. The metal flooring and supports are strictly fire- 
proof. However, there is little danger of fire witli the wooden floors 
Decause of tlie low 6e>§rm of he»t maintftiii«d. 
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Instead of bnildinp; a fiirnaco of brick or stone, many grower 
out one end out of nn old SO-gallon steel oil barrel, and cut a hoi'' 
iu the opposite! end large enough to admit tlie end of a G-inch tile^ 
The barrel is then buried on its side in a pit at ono end of the bed 
and a 6-ineh tile is nui from the opcnin<^ of the barrel the fujj 
length of tlie bed under the. floor, terniinatnig in a chimney at the 
farther end of the Wd. This chimney often consists of a wooden 
box which is carried 15 to .'» feet nbove the surface of the. ground 
Chunks of wood about 18 inches in length and G to 10 inches in diam- 
eter are used ns fuel, anil green sawiliist is fre<iuontlv placed on top 
of the wood in the furnnce in order to g^ive r slow-burning or 
smoldering fii-e. According to stiiteuients of crrowers. 1 eord of wood 
is sufhcient to tire a bed of this chnnifter during a plant-growinw 
season, and the fires require attention but twice in -M hours. A piece 
of sh«?at iron held in pUce by an iron bar is iwd «« a front door 

I f 




VlCrirKE (t. — Type ut But- or Ht^v in^i^ii bed ukwI by crowprx In Nouthtfrn New Jersey (or 
«UTt>»c Mrly emilniit, tomato, nxl pappitr iriaaOk 



for the furnace. When an extreiiiely slow fire is desired, a piece 
of tile or a flat stone is laid partly over the chimney. 

j\.bout S inches of good soil is ])laced on the flwr of the bed in 
which the plants are to be grown, or, in the eiise of sweetpotatoes, 
sand is used. A bed of this type is .shown in fijcurc 5. "Where 
sweetpotatoes are started in such beds, mai-sh hay is used almost 
exclusively a.s a covering, about 15 or 4 inches of th© hay being 
spread loosely over the surfnce of the bed and the sweetjwtato plants 
?iniply allowed to grow up throngh it. After the plants are well 
started, the hay is cnrefidly removed with forks and rakes. 

Xew Jersey growers fre(iuently use a plant-growing bed of the 
type illustrated in figure (5. These beds or plant houses arc con- 
strncted with a furunce pit and a smoke flue running from the fur- 
nace at the one end to n chimney at th«^ other end. As a rule, the 
dimensions of tlie.>-e hou'^es are 1-2 or 1 1 feet by .'>0 to CO feet, with 
solid side beds and a walk through the center. Doors are provided 
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jteach end for convouitMioe, and the covorinp consists of a frame- 
work on which hotbed sash rest. In the center of the bed and over 
the walk, tlio roof is construetwl of boards that are covered with 
roofing pajH'r or with tin. The sash arc so arnin«i;ed that they shp 
under the roofinjij at the top and can b<' either shd down or raised 
for ventihition. This type of bed or phmt house has the advantage 
that the work of sowini; seeds and transphinting can be done mider 
cover durinj: bad weather. Durinji the summer and fail when the 
b«d is not in use, the sash are removed and stored under shelter. 
In some c»jh»s the furnace and flues we omitted, but a sto\-o is in- 
stalled at one end, with a stovepii>t> riiiniiiif^ the full leufjth of the 
house to supply the ueeesssiry heat. Where wood is j)lentiful, wood- 
bunting stoves of the airti<;ht ty})e are used; wheif. it is not to be 
hatl at a low cost, hard-coal stoves are employed on account of the 
umforniity of hentinf; an<l the small amount of care required. In 
many c«i«fi tlioiso bwls are l)wng replaced by simple but elTective 

PI PB-H BATED BBOC 

Another type of fuel-heated b*'d that is paining popularity is 
constructed on level or nearly level {;round with concrete side walls 
12 to 18 inches high and lines of steam or hot water pipes buried in 
the ioil. llmt is obtaineil from a Imilor locattMl eitlu*r in a j)it iit 
one end of the Ix'd or in the bn?ieinent of n service buildiup uenrby. 
In Xow Jersey, (Specially on farms where poultry is kept in con- 
nection with vegetable growing, the lieiitcr is pliieed uutler the 
workrixmi or t«H)l hmhu and supplit^ iieiit for both the hotlxuls and 
the hrooding houses. The heating pii)es are iiKually laiil lengthwise 
of the bed with the lint's of piping V2 to 18 uichos apart ami at about 
the original »ioil level. Tiie pijjes shoidd have a uniftu-m fall of at 
least tt mclu* in the length of a 6()-foot l>ed, and shouhl rest on solid 
earth or on bricks placed every '\ or 4 feet to prevent their settling 
and fornung air p<K-kets. Soil is iillc<l in over the piiK's to within 
about ti inches of the top of the concrete walls, the ))HM>s thus being 
12 to 14 inches below the surface of the soil in the bed. A feed pipe 
ii sometimes carriwd fl"Om the lM)iler to the far end of the bed, either 
along the ridgo or on the side of the bed. It is there divided to 
sup|)ly the retuni pipes which an' buried in the ground. More 
freniicntly, however, half of the pipes aie use<l as flows and the other 
half us n-turns. the flows being elevated al)OUt G inches above the 
returns at the end of the l)ed next to the heater. Where this plan 
is followed, it is essential that the beds be located on a comparatively 
leviJ piece of ground to obtain a uniform grade of the pipes botli 
leaving and returning to the heater. Beds of this character are 
especially adapted for starting sweetpotato plants, and for peppers 
and eggplants which recpiire an iibiindnnce of bottom liwit. Figure 
"shows a cross section of a bed of this type. 

l'il)e-heated la'ds are also constructed with walls like ordinary 
6-foot wo<xl-franio or concrete hotlwls, but with the pipes ananged 
around the interior of the bed above the soil, the flow pipe being at 
the back or high side, niul the retuni pipe at the low side and sup- 
ported by pipe hangers or wires to the crossbar.'^ on whioli the Bftfih 
tm. Tkh type of Wl givoB good ram\Ui whi<r© bottom heat is not 
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roquirod and whoro it is (IompwI to <xn>^y stoc-k plants som«wl,»f 
slowly with inoroly cnou^'li heat to safo^Muiril apiiiust low ttnuno.! 
tiirra that would s..rioiisly clHvk fjn.wth. Early plants of eabul!" 
caulinower, lettuce, celery, and t<)iimto«« can he grown to iidviint* 



•Suffomr 




5Wt 



riWhit 7.— (Tbiw mN-tltin »f with li.atrr plii... l.urlw) In tli* tmll ik« 

ill hi'ds of tliis cluira»-tt r. Kifiinv 8 slu)w> a crosjs section of tlii^i 
form of bfd. 

ELECTRIC HEATING OF BEDS AND PLANT HOUSES 

For ninny years eieotricitr Ims been iiM'd as a souire of hoat for 
pliint-o:ro\vinjr striictiircs in Xorway, SutMlcn. and other sections of 
nortlicrii Kiiropc where water power has i>cen ext^'iteively develi.|)i.(l 
and flectnc energy I* coin ]>« rati vol y cheap. Exiwriments in this 




S'-IO 



-I 



FlofRE N— ( row. nectlon of plant b..,l with two llnm of hwit«r plpM sumwink-il from 
«iih-iHip|H>rt luirH. I*'»r xtvam or fc.l-w«ter li»nt. 

eonntry, especially those condiicte.1 by the State college and experi- 
iiH-nt station workers in certain States, have shown that under favor- 
able coiuhtioiw. (dectric current may Im' etFectivelv and econoinicallv 
employed for h««tin|: tmtdow plant Imds and indoor pro|)ti'«ting 
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jnii «'e(l-spi""iitinp lunh.^ Tlio fir>t cost t)f instnlhitioii, aiul tho 
jfcuriiijr of suitable hciitin;; t'leiiH-nts, t()<,'t'thor with tho relative cost 
of t'K't'trie eiiei jry «s coiiipiired with laiimit e iiiiil other sources of heat 
for i»l*iit beds, have been the litiiiting factors in the adoption of 
([lii; form of heiitinjj. 

Tlii'^ svsteiii has btu-n found well adapted foi- heating piopagatin*; 
bfds ami small b<'d.s in which seeils are started. Fifjure 9 shows n 
ytni tills character with the heater cable liiitl in the form of a coil 
in the bottom of the b<Hl and jiartly covered with sand. The ther- 
mostat is also embedded in the sand and C()iinccte<l with the switch 
l)ox and the feed wires at the end of the In-il. The (h'siretl temiXTN- 
tuix" aiay l>e easily uiaintained, but the main point is to hnvf the bed 
well iniuhited to eousfrve the heat. One of the advantafres of this 
f(rinef iu-atiiij: for a seed or propa^atin<r bed is the nnifornjity at 



(6^ 



/ 



FHCll KlvrtrlmMy hMitiHl prnt*««tliii; Im-<I nlxminx lH>«trr rnbtr ill pinci- twfuri' tlii- 
Ir'iI waa cun|ilvlvlr OHi-tl wUti Ami ur h«*I 

which the tcmperatnre nniy l)e nnuntHinetl. The tenipenitnrs can 
bt' ri'finiiitcd by sim|>iy tin nin;;; the thci inostat knob one way «»r tho 
oth(>i-?and wh»"n once "rc^dated, the control i^ antonndic. 

Variou.s types of heatin-: unit.-, have i)een developed, the earlier 
type*; coivsistin}; of an ojH-n framewnrk of wood or metal across which 
lieatinjj elciiirnts were stretched on insulator^. TlieM> units were tisii- 
allviirtlie i)roj)ci- si/e and CH|*eity for heating a 1-sasli bed, ;i by 6 
Wt. and the frames carrviufi the" heatiu'r elements were nionnted 
ilan oiiclo^iire underneath" tiie Hour of the In-d. Later tyi)es of heat- 
imtcloiiii'nt-, are insulated ainl »Miclo>-ed in lead or copper cables that 

Asr. Kil)l SI.. 11.111 210, Mamir niT<l i:i.-<(rlc M"'''"'* = ^nri^'on/l-pli 
tUc Orti! \irr 1- \iit SU IKill .;ii7, Kl. i tr r ll"llw(l« nn I l'ro|.aantlii;; Hi^ils . Winn 
R.nJ itliH-trlr ri»J«« K.-pia. S a*l ». Md. Asr. Jlipt. CoUage I'arW. M.l, 
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may bo buried in tiie soil. These cables are made in various hn^x. 
60 ?eet being the length best adapted for use with the oiSr^"?'' 
ICO eurrent of 110 volts. One GO-foot eable is required iov ^o Z^ 
or C- by 6-fpot bed, and two 60-foot enbles for a 4-sash or 12-foot h^J 
where relatn-ely high temperatures are desired. For a very nioder«f 
hea one co-foot cable will be suffieient for a 4-sash bed 6 V 12 S 
Laeh co-foot cable will carry an electrical load of approximatelv 4m 
watts or about the amount of current required to oijerate ten 40 
eleetnc-h^rht bulbs. The a.rr«,g«ment of tlio eaA*s in the bed 
shown in figure 10, ^ 

Heat conscrv-iitiou is the keynote in handling electrically heated 
plant bods. The sides and onds of the beds sfiould be tiHit !ml 
in addition should be hanked to the top with enith or some^raa'terinl 
o conserve heat. The sash should fit snugly, and, if needed to mX 
the joints tight, strips uf felt or rubbiT s u.ulc be {f.cked tc^Jhe 




t'lai'BB 10.— .Vrrangcmri.t of heAter In iin ordinary (1 by ] 2-foot Ii..tb.Hl 



edges of the betl on which the sash rest. The glass should be well 
beddcKl in piitty, and should lap one-fourth ine7i at the joints. In 
addition to the glass, the beds should be covered with stAw or felt 
hotbed mats during eoh nights. In ease of extremelv cold weaUiw 
h«nkfn„ T'' ^' ''°'A'r' l).V .placing one sash on ton (if another, and 
bai king the edges of the .sa.sh with straw, pine, needles, or with leaves 
Held in ])lace by means of boards. 

EloctriealW heatetl plant beds have a decided operating advanta-e 
over the ordinary manure- and fucl-hcatod beds in that the amount 
n.i^ , ?" «uton.a ically controlled by the use of thermostats 
or regulators, thus avoiding extremes. In the case of ininmre-heated 
beds the temperature usually runs too high at finit, then declines 
rapidly, and finally beeomes completelv exhausted. Another ad- 
vantage over manure heating is that the electric beating is free from 
odors or gases, and no steam or excessive moisture k formed. Elec- 
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trically heated beds require very little attention to ventilation ex- 
cept on very bright days when tho heat of the sun is suffieieut to 
raise the temperature of the bed above tlie maximum for the best 
plant growth. Where electric current can be obtained at a power 
rate the cost of lieatiuj? plant beds compares favorably with manure 
heating at present priees of manure. "When onee the eleetrie sys- 
tem is iustallod verj' little labor is required to renew the surfaee soil 
and get the beds in shape for planting. The eopper and lead eables 
arc highly resistant to corrosion, and, unless injured by tools, should 
last for years. Beeause of the uniform eontrol of temperature, it is 
reasonable to expeet that hotter plants can bo grown with eleetrie 
heat than with ma mi re heat. Plants grown in electrically heated 
beds usually require a little morn attontion to watering tlian tlioso 
grown in njanHi'e-hoatod beds. 

H^o^ 



i 




Fiomi: 11. — KlfClrU-ally bmtm] iiliinl bed with lirnter rablrg Imricd In soil anil running 
lb» full IvUKth uf th* bvd. 



One firm in New Jersey has adopted eleotricity as tho main souree 
of heat for plant bods and small greenhouses in whioh early plants 
are grown. Figure 11 shows one of these beds in which the electric 
heating elements run tho full length of tho bed and are buried in the 
soil. Sash are used as a eovcrin<if for tliis bed, and the soil tempera- 
ture is controlled by an automatic thermostat. This firm is operat- 
ing a number of snsh-covered plant houses of the typo shown in 
figure 12 which are electrioally hoatod. Both tho underground 
and overhead systems of heating are being employed in these houses 
to determine whioh gives tho better results. Keoontly in a test of 
indirect eleetrie heating, fans wore used to drive tho air over the 
heating elements and distribute it to the various parts of the house. 
Tiiis tvpe of installation simplifies constrnetion problems and gives 
a brfter eireuUtion of heat than tho old metJiod of stringing the 
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heating elements through the open spaces in the hovise. The action 
of the fans tends to provide better ventilation. 

CONSTRUCTION OF COLDFRAMES 

The construction of coldfranies is practically the same as that of 
hotbeds, except tha4; no provision is made for heatiii}? them artifici- 
ally. Coldfiames eonsistina of a frauietvork of boarils from 18 to 24 
inches in heijjht at the back or north side, and 8 to 12 inches ut the 
front or sonth side, are proneriilly built directly on top of the ground 
(figs. i;i anil 14). Soiuotimes these IkmIs are nuule in nnits of five sash 
eacli, with slojiing eiuls and crosspieces to support the sash, but 
oftener they consist of two lines of boards fastened to stakes driven 
into the ground and without erosspioccs, the sash resting on top of the 
edges of the boards forming the front and back of the bed. Frames 
of this charactor are used for the growing and hardening of early 




KliiUKK 12 — An eliTtrli'ully licati.l | l:iiit licl lii wliicli both nil' ami soM lu'iitliig uie 

I iiiplUjitrti. 



plants, the boards and sash being removed and stored as soon as the 
plant-growing season is over. This type of coldframe is also used 
extensively along the Atlantic coust for the growing to maturity 
of such crops as lettuce, beets, carrots, parsley, and encumbers*^ 
Figure 15 shows a 1-acre frame yard near Portsmouth. Va. I'arsley 
was being grown in those frames when the picture was taken. 

COVEPINGS FOR HOTBEDS AND COLDFRAMES 

Coverings for both hotbeds and coldfranies consist f)f standard 
hotbed sash, various kinds of glass substitutes, and cloth coverings 
such as muslin or light canvas. In some instances, a covering of 
straw or marsh hay is plaml directly on the soil in the beds and is 
removed after the plants appear above ground, or the plants may be 
allowwl to grow np through it, as is sometimes done, in starting 



= Farmers' liuUctln UttlS. CiieumBor Cirowltiir, Blvw informatlwo on tiw itsr of rold- 
fraiiiM for growing early oucunib<>r«. 
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KiuiHE 14. — Cuidfraine with sash cuvvriiig in place. 
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sweetpotato plants. Tho most satisfactoiy coverin" for hothprl 
and cohlfranics in tiie northern sections is glazed hotbed sash ^^^^ 
plemeiit«d by hotbed mats, board shuttei-s, slat screens and 
or pino straw. To the southward, wliere tho covenno- can be, Ipfl 
off tho greater part of the time, a cloth covering, especially heavr 
unbleached mushn, has been found to give good results ^ 



GLAZED-SASH COVERINGS 



Standard hotbi'd sash aro 3 feet wide, G feet lono-, and 13/ 
1% inches thick, and ctirry throo rows of 10-inch glass. A rcinforc 
mg rod t)f a^-inch iron, or a strip of wood or metal, is iilacpd 
am>^s the center of each sash to strengthen it. These sash, mad^ 
of clear gulf cypress, white nine, or California redwood, are Icect 
m stock by dealers m greenhouse supplies and ca-n be furnished 
unglazed and unpainted, unglazed and paiutwl with 2 coats or 




FU4t«» ti—a^v-n !YS!t!« jutU n.-ar i orisiii.,utli. Vii.. where a cioi. ..( parsley Is bdnir 

fully glazed with double-stirngth glass and painted with 2 or 3 
coats of white-lead pamt, accortliug to tho desire of the purchaser, 
teasli 4 feet ui width and T to !) feet in length can be secured on 
spceial order. Iho prices of hotbed sash varv according to the 
lumber niarket and tlie cost of labor and materials going into their 
constniction. ^ 

Exiieriouco has sliown that if the sash are kept well painted 
and stored under cover when they are not in ust% they will last 
trom 10 to 20 years or even longer. The sash .should Ijo given a 
tu-st or pniiinig coat consisting of white lend and pure raw linseed 
on, to wlucli should bo added enough tunH-ntine to cause tho paint 
to penetrate the wood. The second coat, which shouUl be applied 
before glazing, should eontaln a little Japan drier to caiuso the 
paint to dr>' readily. As a rule it will pay to give the sash a third 
or hnish eoat of paint after glazing. Vigure IG shows the upFr 
side of a standard 3- by G-f<M)t hotbed sash fully glazetl and painted 
and ready to pUcs on the hotbed. 
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Hotbed sash should be glazed with fresh or plastic putty that will 
spread evenly on the sash bars, or with one of the prepared glazing 
compounds that are applied with a putty gun. The glass should be 
firmly embedded in the initty, the lights overlapping one-eighth to 
one-fourth of an inch, beginning at the bottom of the sash. Each 
light of glass should be fastened with 4 zinc glazing sprigs, 2 of these 
being driven on top of the glass about an inch from its lower edge 
and 2 directly below the edge of the glass to hold it from slipping 
toward the lower end of the sash. Cut a piece of glass to fill the 
remaining spuoc at the top of the course, being sure that it is forced 
well up into the groove, previously filled with soft putty, at the top 
of the sash. Trim off all surplus putty above and below the glass 
and do not j)utty above the glass as in glazing an ordinary window. 




FiauBB 10. — Tup view of a stniitlnril .'i- Iiy n-fuot hotbed xasta, ruUy glazed, puliitcd, and 
ready to place on tlic hotbed. 



Hotbed sash, in which the sash bars arc made with grooves into 
which the glass can be slipped without the use of putty, are com- 
monly used in sections having a mild climate. As a rule G- by 8-inch 
single-strength glass is u.sed, the glass being pushed in from the lower 
end of the sash and the lights butted together. This type of glazing 
docs not give as warm a covering for the beds as the regular puttied 
and lapped glass and is subject to greater dripping of rainwater 
upon the plant beds. The glazing of this type of sash is a very 
simple matter, and in case of a light of glass becoming broken a new 
H<rht can simply be slipjied in at the bottom and the whole line of 
glaps shoved up to close the opening. 

Formerly, all window glass, except plate glass, had a slight bow or 
curve but (lat glass is now used almost exclusively. Although it is of 
littlfi importunco which side of the old-type, curved glass is placcnl 
upward, it should »11 b* laid one way. Nearly »J1 gardeners, how- 
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over, place it with tlie how or luimp side uppermost. Double strencrtl, 
^'hiss IS prefei-uble to single-stroiigtli, as it is less subject to break«.! 
in handling. Griide B gInss is most couinioiily used for irlavin 
hotbed sash, hut sliouhl W free? from blistoi-s. K'^'ing 

CLOTH COVERINGS 

In the southern section.^, wliere the clinnite i>; mild and cloth eovor 
uifis are largely used, the IhhIs are usmdly constructed 12 to 14 foil 
in width ami with ti ridgepole supported on stakes nbout 150 inchp« 
high through the center of (he he<l. The muslin or light canvas use,) 
for the cover is sewed together in a large slieet niid is fiisteiied to 
the ridgepole by tncking thin strips of wcmkI such ns plaster lath or 
lattice strips on top of the sheet and to tlie ridgepole. The ed.res of 
the sheet are generally fastened to strips of wood rnnniii" the full 




length lit each side of the Ix-d. and so nrraiiged ttint th« th««ft t-nii be 
rolled lip on tlieiii (fig. 17). 

Rafters consisting of by :?-iiu h or bv 4-ineh .strips are nailed 
to tlie ridgepole and to the siiU* of the bed at interviils of ;5 or 4 
feet to support the cloth; the (doth i.s enrried on these rafters when 
It IS rolled iin for ventilation. At the eiuls of the IkmI the cloth is 
fastened by loops of string hooked over nails. Marsh hay, light 
straw, or piii(> straw is often spread over the cloth during periods 
of cold weather. Hcds eontaiiimg tender [ilniits, such as tomatoes, 
are frequently protected suecessfnlly for short periods with a tem- 
IM i-ature of 20° F. by thi*i mrthod of covering. 

There are i)rocw«rs for treating cotton sheeting to make it water- 
l)ro«)f and to preserve it, but, as a rule, n good gra.le of unbleached 
imiKlin without treatment is satisfaotorv. Preservntives may n.ld to 
the life of the covering iniitcrial, but if the muslin is taken off the 
plant beds promptly when thu plaiit-gn)winjf .season in over, rolled 
v,h\h dry, and skwed in a dry place, it will iMt fctr seroral years. 
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Linvod nil, or any paint containing lin<5ml or other (Iryinjr oils 
should not be lused for uaterproofiiig plant-bed covoi-s as the oil 
paints rot the fabric and i-aiiso it to rniok and break. A mixture 
consisting of '2 to 3 pounds of melted paraflin, one-half pound of 
melwd beeswax, and 1 jrnllon of benzine applied to tlio cloth eitlier 
a.s a spray or with a brush will act as a filler to nuike the fabric 
waterproof and at the sanio time presorvo it. There arc on the innr- 
ki't inopa nit ions used for waterproofing tents and cimvas generally 
which can used for making ordinary heavy imbloached muslin 
both waterproof and windproof.' 

SUBSTITUTES FOR GLASS AND CLOTH 

Xmiiorons subsiitute^; for glass and cloth as coverings for hotlieds 
and cold f run ICS are on the miirket, but many unwarranted claims arc 
niiuio concerning the ctfect of tiicsc >ubstitutes on plant growth. 
Ti'iJts made in li)'i8 and 1029 at tlie Oiiio Agricidtural Experiment 
Station showed that while n gtMid ^n adc of dear ghij-s transmits over 
9,') ncncnt of the total light, certain gla^s snl)>litutes transmitted as 
little as 25 percent and none of those te>tcd more than GO percent 
•f the total light. Although the>e particular glass substitutes trans- 
mitted oidy '^5 to GO percent of the total light, they did transmit an 
aiipreciahlc percentnge of ultra-violet light that does not pns.s 
thnmirh common glass. In ortliiiary plant-growing operations, how- 
ever, the tran-mis-ion of ultra-vioh't light is of no recognizable bene- 
fit, mid the decreased trunsmissioii of total light is a definite di.sad- 
vaiitage. The Ohio testes .-.bowed that in all cases better plants were 
irnwn under plain ghss than cc)uld Ik grown under any of the 
substitut(!«;. 

CKRB OF HOTBEDS AND COLDPRAMES 

Ke<rardless of the method of securing heat, the ventilation, water- 
iiif:. ami getiertil care of the iiotbi-d or cohlframe are of vital import- 
ance. The temperature of a nuunire-heatcd bed will usually run 
fairly high at first, and plantiiit; should be deferred until the tem- 
perature kn-gins to decrease. The only safe nnH-editrc is to bury n 
lliennonicter bulb in the .«oil of the Ijtjd and delay planting uiitil 
the temperature reading is J^O"* I'., or lowcr. A soil temperature of 
about 70 or is alwut right for- nearly all early plants. However, 
it will Im" safe to plant the seeds when the temiiernture is slightly 
below .'^0 , for it will gradually decline as the fermentation of the, 
manure diminishes. With bottom heat, .such as is furni.slied by 
fermenting mamire or pijies burietl in the soil, the germination and 
(nrly growth of the jilants will be very rapid, and unless frequent 
attention is given to ventilation, the plants arc certain to make a 
»oft growth. In the luauurc-hoatcd IhmI there is a cnnstant .siipplv 
of extra heat which can Ih" controlletl only by ventilating the bed. 
With a pipe- or furiiacc-heatcd lx«d, and where electric current is 
treed, the bottom heat can l)c controlled almost at will. 

Difrerent crops recpiirc different tempenitures and treat-niont; the 
tenperatnrc that gives best results for Startinjf i>epi»ors and egg- 

■hMHTii- Itnllvtln IIIS7. tTiilf>rtMri>aflne nntl 3UM«wproOfln|; of CoCXctn Du«k. 
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lant, for example, would be too high for tomatoes and much too 
igh for cabbage, cauliflower, and lettuce. The desirable tempera 

tures at which to grow the plants will be discussed later under the 

various crops. 

VKNTILATION 

In ventilating the hotbed or coldframe during windy wenther 
care must be taken to raise the sash or cloth covering on the side 
opposite from that from which the wind is blowing so as to avoid 
a direct draft upon the plants. In the sash-covered bed, this is ac- 
complished by lifting the sash on either side, or at the bottom or 
top, as the direction of the wind may require. Small pieces of 
boards or blocks of wood with notches cut in them are usually 
employed to support the sash. In some cases wires are stretched 
lengthwise of the beds on top of the sash to prevent them from bein^ 
blown off during storms. " 

Where cloth or muslin coverings are used, ventilation is obtained 
by rolling them up a part or all of the way to the ridge of the bed 
as shown in figure 17, or by propping them up in places by means' 
of short pieces of lath. Special protection is provided during short 
periods of extremely cold weather by covering the beds with hotbed 
mats or with a thin layer of straw or pine straw that must be re- 
moved when the weather clears and the temperature rises. The 
straw can be removed from the glass or cloth covers by first using a 
wooden rake and then a broom to eoiuploto the cleaning. 

In order to secure the greatest possible benefit from the sunlight, 
the glass or whatever covoi'lng i.s u.sed should be kei)t thoroughly 
clean. Dust settling oti top of the glass will frequently cut out 25 
to ;50 percent of the light. For that reason the glass should be 
frequent! V cleaned with brooms or water from a hose. The best 
of ]ilant-bod coverings exclude considerable light, and every pre- 
caution should be taken to keep this exclusion to a minimum. 

Coldfranies are managed in practically the same manner as hot- 
beds in respect to veritilatiou and protection from sudden chanf^es 
in temperature. As a rule, somewhat lower temperatures are main- 
tained in coldfiauics than in hotbeds, but they require close atten- 
tion on extremely bright days and during changeable weather. 
Clouds tcmporai-Uy obscuring the sun will frequently cause a lower- 
ing of the temperature in the frames of from 12° to 15° F. Toward 
the end of the plant-growing period the sash or cloth coverings may 
be kept partly open at all times and finally be removed altogether 
to ad»pt the plants to outgidc conditions. 

WATERING 

I^arly in the season, extreme care is necessary in watering hotbeds 
and coldf rames, because excessive watering is almost certain to cause 
damnlng-off of the plants. More water is required during bright, 
windy weather than when it is calm or cloudy. Watering should 
be done only at times when the beds may be safely opened without 
chilling the plants. Losses from damping-off can be largely pre- 
vented by careful watering and close attention to ventilation. Over- 
liositing of the beds is disastrous and results in the production of 
poor plants. Sufficisnt Tontil»ti<m, 06peci»Ily toward tlie ®nd of the 
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period that the plants remain in the beds, with a somewhat sparing 
application of water, will produce plants that will withstand trans- 
planting to the field with few losses. 

The process of " hardening ", as applied to plants grown under 
cover, consists of gradually tempering them to open-air conditions 
by checking their growth, but tflkiug care to aroid stunting iniury. 
Certain plants, especially eggplants, should be checked but slightlyj 
if at all, for if their stems beconie tough and woody they are prac- 
tically worthless for planting. Tomato plants will stand consider- 
able checking but ixro injured if the process goes too far. Liglit 
watering usually aids in the tempering process; however, enough 
water must be applied nt all times to prevent wilting. Excessive 
ventilation and windy weather are always aceonipauied by high 
evaporation iind make extra care and more frequent watering neces- 
sary. 

Plants grown to marketable stage in hotbeds and coldframes re- 
quire somewhat different handling as to temperature and watering 
than do those that are to be transplanted to the open ground. With 
those that remain in the betls the hardening process is not used, and 
the plants are kept crowing uuiformlj' and usuallj' as rapidly as 
possible without prodiicing a soft growth. This is accomplished by 
.areful regulation of the temperature and by the application of 
water in quantities that will maintain an optimum growth condition 
in the soil. In the growing of plants for transplanting, a period of 
relatively high teinperature at first, followed by a declining tempera- 
ture and the application of practically no artificial heat toward the 
end of the period, is ideal. In tlie case of the crop that is matured 
in the beds, the most satisfactory results are obtained with a con- 
tinuous mild heat without ©xoeasive changes in teinperature. 

GROWING EARLY PLANTS 

Plants that are normally grown under protection for early trans- 
planting to the garden and truck fields may be classified into two 
general groups according to their temperature requireiueuts. In the 
nrst group are those requiring a relatively low temperature; and in 
the seconcl group are tliose requiring a somewhat higher temperature. 
Among the mast important of the lower temperature plants fre- 
quently started indoors and transplanted are lettuce, cabbage, cuuli- 
nowcr, and broccoli. The crops requiring n soiiiewliat higher tem- 
perature include tomatoes, peppei"S, egg plants, muskmelons, summer 
jquashes, celery, and cucumbers. There are. however, within these 
groups cert-nin very important crop-recpiirement differences that are 
briefly discussed in tlie following paragraphs. 

TOMATOES 

Tomato seed germinates readily at a soil temperature between 68° 
and 7.")° F., but when the seedlings appear aboveground the tempera- 
ture should be lowered slightly to prevent weak and spindling plants. 
The time required for germination of tomato seed depends to some 
degree upon the viability of the seed itself, but good seed will germi- 
nate in 3 to 5 days at a temperature of 72° to 7r)° and in 5 to 8 days 
at temperatures from 65° to 70°. A soil teinperature of about 62° 
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to 05°, With plenty of light and aiodenite waterine, will usuall 
produce good stocky seedliiifjs, but the air tempcratiiros should nlf 
be allowed to go imieh above 70" at any time. Plants grown in t|,' 
iimnner will usually be ready for tran.sjjlauting from the seed trn 
or from the hotbed to the coldfraiue in 14 to ^20 days after the sepi 
IS sown. If the seed is sown rather thinly and the plants do imf 
crowd in the seed bed nothing is to be gained by extra-early trans 
planting to the coldframe. Plenty of ventilation and care in w itp,. 
ing will j,'enerally obriat* loss«e of the plmits from thu disease kiiown 
as dninpuig oil". 

E«rly-tonmto growers of easteni Texas and Mississippi sow the 
seed in hotbeds and triinsplaut the seedlings to (dotli-coverocl eoW 
frames located directly in tiie fiekl where the crop is to be irrown 
As a rule one plant IkhI measuring about \2 by dO f&it (fi<r. 17) ! 
piovided for each acre of touiatoe.s to b«» planted^ ^ 

The plants are spaced about 4 inches apart in each direction in tlio 
eoldframe, and when the time conies for setting them in the fiold i 
knife or a trowel is run bi>twet>n the plants in each direction and 
they are lifted and transported to the Held with blocks of eaitl, 
about then- roots. 

In sections where tomatoes are grown hirgelv for the cannery tlio 
seed IS sown rather thinly in the seed bods, and after 4 to 0 weeks 
or when the plants attain a height of 4 to tS inches, they are moved' 
directly to the fields. This uiethod involves less labor than tniis 
plaiitiug the plants from the seed bed to coldframes and later to the 
held, but does not give a.s depirable plants for early setting, 

PEPPERS 

Pepper seed is rather slo^v to gcnuinate, usually rccpiiring from 
12 to 15 days at a sod tempernture of 70" to 75°. Following .'erniina- 
tion the soil teniiieraturc should be lowered to 05°, or not over C8° 
ill order to produce stcK-ky plants. The air t«mj)erature followiiK^ 
germination should be kei)t between Gr>° and 75°. The same pre" 
cautions as to watering and ventilation .should be taken with peppers 
as with tomatoes, The danger of daiujiing off can be hirgelv elimi- 
nated by avoiding excessive watering and at the same time'^providing 
plenty of ventilation. The jK-ppcr seedlings will be ready for trans- 
planting from the hotbed to the coldframe in 'J4 to .'50" days after 
the seed is sown, Vmlvt the best conditions and where the seed 
germinates in a relatively short time the plants may be ready for 
this tran.splantiiig in IS to -JO days after seeding. After being trans- 
planted, the pepper plants should be carefully watched, and when 
first transplanted tlieyshoidd b!> partlailv shaded to prevent wilting, 
following this the temperature of the coldframe should bo between 
iO° and 75° during the daytime and not lower than G0° at night. 
Tn removing the pepjx-r plants from the coldframe to the garden or 
held, they are blocked and a ciilie oi soil carried with them to their 
permanent location. 

EGGPLANTS 

The eggplant is one of the most difficult vegetables to handle, 
Ofipecially during its early ntagea. The seed gorininat(« somewhat 
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sloffly even at a soil temperature slifihtly above 70° F. Extreme 
eare must be taken to keep the efigplaiit seodliiifxs <iro\vinp; unifornily 
from the very start, for if the plants become eheeked and the stems 
hardened or woody, they are eonsiderod practically worthless for 
planting in the field or garden. As a rnle the seedlings will be ready 
to transplant fr oni the hotbed to a well-protected or warm coldfranie 
in about 3 or 4 weeks after the seoil is sown. In the coldframc the 
plants should be sot at least 5 inches apart in each direction in a soil 
that is well fertilized and that contains an abundance of wcll-iotted. 
sciwiiod manure. At no time should the phints be subjected to 
strong drafts of cold air or to low tomperatures. I^xcessiro water- 
iiin; of the plants both in the hotbpd and in t-ho coUlfrtiinc nuist be 
avdidod. On thf other hand, the soil in which the plants nrc 
iriuwing should never be allowed to become too di y, tis this is certain 
to result in a stunting of the growth of the plants. In moving the 
plants from the bed to the field they arc blocked, and a large cube 
of oaith is carried with them. The soil about their loots should bo 
fairly well watered a few houi-s before the plants are to be lifted. 
Throughout the handling of the plants, extreme care nuist be taken 
as otherwise they will not grow in a satisfnctoi y manner in the fichl. 
lejiardless of tho attention that is given them after they are set out. 

SUMMER SQUASHES 

Under most conditions the seed of summer squashes is planted 
directly in the hills where the crop is to be giowu. Where extreme 
earliness is dcsiinblc, however, the plants imxy be started in heated 
plant houses or in hotbi'ds, inverted pieces of sod, berry boxes, paper 
tands, or flowerpot* bein^ usod for the purpose. The .seed of 
squashes will genninntc in about 2 days at a soil temperature of 
abont T:")' F. After the seeds have germinated, tlie temperature 
should be lowered somewhat in order to keep the jjlants short and 
stocky. Where squashes are started indoors it is customary to plant 
six or seven seeds in each container; then, when the seedlings are well 
established, thin them to three jdants. After the seedlings have 
formed tho first true leaf they can be moved to a well-jjroteeted cold- 
frame, where the plants may Ix* held at a temperature of 60° to T0° 
until time to set them in the garden or truck field. By starting the 
plants in hotbeds and coldfranies, uu)st of the difliculty with the 
striped and spotted cucumlxM' beetles can be avoided. By this 
process the fii"st of the crop can l)e ready to uuirket from 1 to 2 
weeks (>«rlier t-lian vrhen the swd is plantWl in the open. 

CUCUMBERS 

The growers of early encumbers in the Norfolk-Portsmouth, Va., 
district follow the practice of sowing their encumber seed in spe- 
cially heated beds with the soil temperature between 80° and 85° F. 
The seeds are sown fairly thick in rows, and, as a rule, the seedlings 
will api)ear above ground within 30 to 3G hours. In approximately 
72 hours after sowing, the seedlings are ready to be lifted and placed 
In 5-inch flowerpots, 7 to 10 seedlings being planted in each pot. 
These pots are. then placed in the bench of a greenhouse at ii tcm- 
I»r^urc of 70° to 75° during the day and not lower tJian G0° or G5° 
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at night, and tho plants are carefully watered and ventilated f 
about 4 weeks, when they will have formed about 8 or 4 true leav^'' 
During this period tho plants are thinned to about 3 in each nnt" 
riiey are then in proper condition for setting in outdoor frau{e?» 

111 moving the plants from the greenhouse to frames or to tL 
fields the soil in the pots is given a fair watering, then the plants ar 
carried direct to tho field, where they are loosened from the pots n^A 
set in the ground with the bajl of earth about their roots. Cucumber^ 
may be grown m the hotbed m quart berry boxes, paper bands or 
flowerpots, the seed being sown directly m the containers which 
are filled with a good grade of sifted soil. The corners of tho boxes 
should bo sht with a knife and the boxes removed when tlio nlants »vl 
sot in the ground. 

MUSKHELOMS 

Musknielon seedlings are frequently started in hotbeds in tlio same 
luanner as cucumbei-s; howeTer, it is not customary to start the seed 
III a special heated seo<l bed and transplant the seedlin<--s, although 
this can bo done safely. The rulo i.-, to use pieces of inverted sod 
berry boxes, or paper bands and plant 10 to 12 inuskmelon seeds' 
in each container. After tho seedlings become established they are 
thinned first to about 5 and later to 3 plants to each hill. I^'lusk 
melons require practically the same temperature conditions as cu- 
cumbers, and the methods of handling the plants and transferrin^ 
thmn to the field are practically the same as those given for cucuirT- 
bers and sqiiasiios. The advantages of starting the niuskinelons 
incloors are enrliiiess of fruiting and less liability to injury from the 
striped ( ucunibcr beetle. It is desirable to give the plants one snrav- 
ing in the plant bed with bordeaux mixture before tliev are moved 



to the field 

LETTUCE 



Lettuce is one of the more important garden crops that thrive 
under a moderately low temperature. Tho seed is one of the few 
that does not germinate readily when it is strictly fresh, and it should 
not be planted during the fall of the vear in Avhich it is produced. 
\\ hen growing lettuce plants indoors'the usual practice is to sow 
the seed in boxes or trays filled with a good grade of garden loam 
which ha.s been thoroughly mixed and sifted. Generallv the seed 
will germinate in 4 to G days, and tlie plaut.s will be ready for trans- 
planting in 12 to 15 days. The seedlings can be transplanted from 
the seed trays or the hotbed to the coldfraine either in other trays 
or direct to the soil of the coldfraine. As a rule, the plants are 
spaced about 3 inches in each direction so as to give them enough 
room to develop and allow for the transfer of a fair-sized block of 
soil around the roots of the plants when they are taken to tho 'rarden 
or the truck field. Lettuce .seedlings are subject to damping'^off in 

. , ' <^^P<^c»»lly « the seed has been sown too thick. 

Ihis difhculty can be avoided by thin seeding, careful watering, and 
Dlenty of ventilation, although the use of a mercury bichloride so- 
lution may be found advantageous in checking this diijease.' 
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CABBAGE AND BROCCOLI 

Early plants of cabbage and broccoli are frequently started in 
hotbeds or in well-j)roteeted coldframes. Abont i or 5 wrecks are 
required from the time of sowin<i tho seed to produce good cabbage 
or broccoli plants for setting in tho garden. Wlierc the seed is sown 
in the hotbed it will be necessary to transplant the seodlinfis to a 
foldframe because the teinix'rature of the hotb<Kl is too high for 
the production of good stocky cabbage or broccoli plants. The soil 
temperature of the seed bed should not be above 70° F. After trans- 
plantinj; to the coldframe the air tcinpcratnro should be maintained 
ataboiit 65° to 70° during the day and 55° to 60° at night; however, 
a drop in temperature to perhaps 45° for a short period as a rule 
will not greatly injure these plants. Repeated chilling or carrying 
the plants at low temperatures for a period of 2 weeks or more 
may cause them to bolt to seed after they are set in the field or 
garden. In sections of tho country where tlie climate is fairly warm 
during the early spring a hotbed for starting the early i)lants will 
not be necessary ; the see<l can be merely sown in a coldframo or in 
a flue-heated bed similar to those usotf for starting swcotpotatoes. 
Fairly thin seeding will produce better plants than overcrowding the 
seedlings. The same general methods given for cabbage should be 
followed in Uie produ(^mi of broccoli plftnts. 

CAULIFLOWER 

Cauliflower plants are decidedly more delicate in their habits of 
growth than those of either cabbage oi- broccoli, and for that reason 
require more careful handling. The main point in the handling 
of cfuiliflower plants is to keep them growing and to prevent cheek- 
ing or stunting during the time they are in the plant bed. In case 
the stonis of cauliflower become tough or woody tnis stunting affects 
their future giowth and usually results in tho formation of small 
and inferior heads of cauliflower; therefore, cauliflower plants re- 
quire a little higher temperature and closer attention than those of 
cabbage or broccoli. They also require verj' careful watering, be- 
cause drying out will affect their growth and will have a tendency to 
mme thorn to be tough and woody. Besides having a uniform tem- 
peratme maintained and being given proper ventilation, cauliflower 
plants should be given plenty of space, and when they are trans- 
planted from the seed bed to the coldframe or other space Avhere 
they are to remain until they aro planted in the field they should 
be well shaded for a day or two. In being moved from the hotbed 
or coldframe to the field or garden, cauliflower plants should not be 
pulled, as cabbage plants frequently are, but should be lifted with 
considerable soil adh&ring to their i-oots. In ease the soil should 
be dry at the time the plants are set out, t-hey should be given a good 
watering as they aro set. If possible, a calm, cloudy, moist day 
should be selected for setting the cauliflower plants in the field or 
garden. 

CELERY 

Celery seed is slow in starting, and the seed bed must be carefully 
watched to prevent drying out. Seed stored in a dry place usuallj 
retains its vit-ality for 4 or 5 years, but where old seed is used it 
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should be earefullv tested in adranoe of planting time. Good vlnKi 
celery seed will germinate in 10 to 15 days at a soil temperaturo nf 
about G3° to G8° F.; where the seed is sown directly ili a Wu. , 
the sowing should be delayed uutil the heat of the bed is wpII 
six-nt and the sod temperature has fallen below 70°. In the o-ppo, 
house a tempei-ature varying between 60° and 70° is about rinu'- 
where the seed ls sown in flats a partially shaded loeation is desir 
able until the seedlmgs appear, after which full sunli.dit and a f n 
amount of ventilation should be provided. 

Ill sections where muck or poat is available this material is lam-elv 
used for starting celery plants. A seod bed consisting of 2 nark 
good garden loam, 1 part fine but sharp sand, and 1 part leaf mokl 
or old decayed eompo.st thoroughly mixed and sifted through n 
seree,n having four meshes to the inch will give good results Water 
mg IS very important to keep the seed bed properly moistened ami 
ventilation to avoid oven\ atering and the development of the damn 
ing-ofF disease. Thin seeding will aid very materially in the nrV 
vention of this disease, but eweful watm'ing and plenty of ventilation 
arc also essential. 

A few growers still double transplant early celerv idnnts The 
mam or late erop, however, is grown from seedlings tliat are started 
in spent hotbeds or in coldframes, or from outdoor plant beds 

Celery belongs to the irroup of garden vegetables that tlirives 
uncler re ative ly cool conditions, but reeent experiments have shown 
that prolonged periods of low temperature during the plant-.rrow. 
Jiig period is lai-gelv responsible for eolerv bolting or shootinsr to 
seed i)rematurGly Under noi-mal conditions celery is a biennial and 
produeos its seed crop the second season, but under certain condi- 
tions the plimtR shoot to seed during the first season and fail to pro- 
duce an edible crop. ^ 

It has been a common praetice among t4ie northern growers of 
early-erop celerj' to start tfie seedlings in a greenhouse and transfer 
them to coldframes. In some eases tlio plants are held in the green- 
house for several weeks and then transferred to the eoldfraine where 
(hev are hardened at te|n()eraturcs below G0° F., iifiuallv between 40° 
and oO If this hardening peiiod extends beyond 2 weeks at a 
eiiiperature helou- G0° a largo percentage of the crop is fairly cer- 
tain to bolt to seed before it has reached a marketable sta<re It is 
not necessary to use low temperatures for hardening the plants, as 
inllTrl^ accomplished bv light watering. In case the plants arc 
siibjected to tempw-atnres kdow 60° in order to harden them the 

that tin! '^T ^t" fl7" ^""n" 1^ "^^y^ ""Iv, and during 

1 Vnon sparingly. Celery plint-s grown in 

the open during the early part of the season may go to soeS if rela- 
iS'f t"nperature.s prevail during the plant-growing period, 
difficu ry"^'"' """^ -^"^-^ '""^ however, con-ect this 
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